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(67)  Theinvention is a compensation device (2) suit-
ed to attenuate the pressure variations in an ink in a print-
ing head (3), comprising: a first compensation chamber
(4) provided with a bottom (4a), an outlet orifice (6) ex-
tending through the bottom (4a), and an inlet orifice (5)
opposite the bottom (4a); a second compensation cham-
ber (7) provided with a bottom (7a), an inlet orifice (8)
extending through the bottom (7a), and an outlet orifice
(9) opposite the bottom (7a); vent means (10) to allow

the outflow of the air contained in the compensation
chambers (4, 7). The vent means (10) comprise: a first
opening (11) in the first compensation chamber (4); a
second opening (12) in the second compensation cham-
ber (7), placed in a lower position with respect to the first
opening (11); an intermediate chamber (13) that places
the first opening (11) and the second opening (12) in
communication with each other.
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Description

[0001] The present invention concerns a compensa-
tion device suited to attenuate pressure perturbations in
an ink feeding a printing head.

[0002] The present invention also concerns a printing
unit using said compensation device.

[0003] Figure 1 schematically shows an ink jet printing
unit of the known type, indicated as a whole by A.
[0004] Printing unit A comprises a printing head C pro-
vided with a printing surface N on which there is a plurality
of nozzles that can be operated selectively to dispense
a liquid ink.

[0005] The printing head C is fed through a feed duct
R connected to a levelling tank O.

[0006] In order to ensure the correct operation of the
printing unit, it is necessary to maintain the ink pressure
inside the printing head as constant as possible and finely
tuned compared to the atmospheric pressure.

[0007] As is known, these requisites are satisfied by
placing the levelling tank O in an exactly defined vertical
position with respect to the printing surface N, in such a
way as to obtain, at the level of the nozzles, a predefined
static pressure relative to the atmospheric pressure.
[0008] Due to the vibrations to which the feed duct R
is subjected during the movements of the printing head
C, the ink contained in the feed duct is subjected to pres-
sure perturbations that, being transmitted to the printing
head, may affect its correct operation.

[0009] To prevent the above, a compensation device
B is used to attenuate the ink pressure perturbations,
preventing them from being transmitted to the printing
head C.

[0010] Compensation device B comprises a first com-
pensation chamber D, arranged between the feed duct
R and the printing head C.

[0011] The first compensation chamber D is filled with
ink only partially, so that an air volume is trapped at its
top, said air volume being capable of absorbing the ink
pressure variations transmitted by the feed duct R.
[0012] The feed duct R extends inside the first com-
pensation chamber D until almost reaching its bottom,
so that the open end of the duct is immersed in the ink.
This way, the feed duct R remains constantly filled with
ink and is thus able to perform its feeding function cor-
rectly.

[0013] Whenpressureinthefeed ductRincreases with
respect to its normal value, the ink flows towards the first
compensation chamber D, raising the ink level inside the
chamber.

[0014] The above mentioned level increase absorbs
the pressure increase almost completely and limits the
transmission of the pressure to the printing head C. Anal-
ogously, a pressure decrease in the feed duct R is com-
pensated for by a reduction in the ink level in first com-
pensation chamber D.

[0015] Anotherissue thathasto be dealtwithregarding
printing unit A is the need to periodically remove the air
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that progressively enters the printing head C through its
nozzles during normal operation.

[0016] Such air hinders the correct feeding of the noz-
zles and negatively affects the printing procedure, there-
fore it must be periodically removed.

[0017] A common way for air removal is by increasing
the pressure in the levelling tank O, in such a way as to
force the ink to flow towards the printing head C. The
excess ink flows out of the printing head C towards a
collection tank P through a discharge duct S.

[0018] The passage of ink through the printing head C
drives the air present therein and moves it towards the
collection tank P, from which it is vented using means
known in the art.

[0019] Obviously, during normal operation of the print-
ing unit, the discharge duct S causes in the printing head
C pressure perturbations that are very similar to those
caused by the feed duct R.

[0020] Inorder to prevent the transmission of said per-
turbations to the printing head C, a second compensation
chamber G is used, which is interposed between the
printing head C and the discharge duct S and is analo-
gous to the first compensation chamber D.

[0021] The printing unit A of the known type described
above poses a series of drawbacks.

[0022] First of all, before starting the printing process,
the two compensation chambers D and G must be filled
in such a way as to guarantee the correct level of ink in
each one of them.

[0023] For this purpose, an air valve M is provided and
associated with each chamber D and G, said air valve M
being suited to be operated manually so that it is possible
to monitor the filling of the respective chamber.

[0024] Furthermore, each of the chambers D and G is
provided with a respective inspection window through
which the operator can check the ink level.

[0025] At the beginning of the filling operation, the two
air valves M are opened so that the air can flow out of
each compensation chamber and thus allow it to be filled
with ink.

[0026] Whentheinklevelin each compensation cham-
ber D, G has reached the pre-set value, the operator
closes the corresponding valve M so as to prevent further
airescape, infact the air remains trapped in the chamber.
[0027] The above mentioned procedure, which must
be carried out for each one of the two compensation
chambers D and G, is one of the main drawbacks of the
current systems as it requires the constant presence of
an operator to allow prompt human intervention when
needed.

[0028] Inaddition, humanintervention may be a source
forerrors, forinstance due to the factthatitmay be difficult
for the operator to timely intervening so as to close the
air valves at the precise moment the ink reaches the pre-
set value. A filling procedure performed incorrectly af-
fects the operation of the printing head negatively and
therefore must be repeated, thus increasing the ma-
chine’s standstill time and causing further costs.
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[0029] The printing unit A described above poses the
further drawback that the air valves M require periodic
maintenance with the consequent maintenance costs.
[0030] A further drawback, related to the presence of
the inspection windows, is represented by the risk that
tightness between the latter and the corresponding
chambers worsen over time, due to the aggressiveness
of the inks commonly used, and to the difficulty to check
the full compatibility in the long term between all the dif-
ferent inks that could be used and the window’s seals.
Obviously, a loss of tightness of the windows requires
the replacement of the entire compensation device or at
least maintenance of the same.

[0031] The above mentioned printing unit A poses a
further drawback related to the need to periodically re-
move air from the printing head, as explained above.
[0032] More precisely, the air removed from the print-
ing head, which is forced towards the second compen-
sation chamber G, tends to accumulate in the upper part
of this chamber, from which it cannot escape spontane-
ously as the end of the discharge duct S is immersed in
the ink, as mentioned above.

[0033] Therefore, also in this case the operator must
intervene and open the air valve M of the second com-
pensation chamber G so as to restore the correct ink
level.

[0034] It can be understood that the above mentioned
manual intervention involves drawbacks that are analo-
gous tothose described above with reference to the filling
of the printing unit A.

[0035] The present invention aims to overcome the
drawbacks described above, which are typical to printing
units according to the known art.

[0036] In particular, it is the object of the present in-
vention to provide a compensation device for an ink jet
printing unit that requires fewer operator interventions
compared to the printing units of the known type de-
scribed above.

[0037] In particular, itis the object of the invention that
the filling of the printing unit and the periodical removal
of air from the printing head can be performed automat-
ically, with no need for the intervention of the operator.
[0038] Itis another object of the invention to provide a
compensation device whose structure and operation are
simpler compared to the compensation devices of the
known type.

[0039] Said objects are achieved by a compensation
device for a printing unit carried out according to claim 1.
[0040] Said objects are also achieved by a printing unit
comprising said compensation device, according to claim
6.

[0041] The said objects, together with others advan-
tages which will be highlighted below, are illustrated in
the following description of preferred embodiments of the
invention which is provided by way of non-limiting exam-
ple with reference to the attached drawings, wherein:

- Figure 1 shows a schematic view of a printing unit
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according to the known art;

- Figure 2 shows a schematic view of a printing unit
according to a preferred embodiment of the inven-
tion;

- Figure 3 shows an enlarged detail of Figure 2.

[0042] Referenceisnowmadeto Figure 2 which shows
a schematic view of a compensation device 2 according
to a preferred embodiment of the invention, when used
in a printing unit indicated as a whole by 1.

[0043] Itis evident, onthe other hand, thatin construc-
tion variants of the invention the compensation device 2
can be used in printing units different from the one illus-
trated in the figure.

[0044] Said printing unit 1 comprises a printing head 3
provided with a plurality of nozzles (not shown) arranged
on printing surface 17 configured for the ejection of a
liquid ink.

[0045] The nozzles may be of any known type such as
piezoelectric type.

[0046] The ink gets into the printing head 3 through a
feeding orifice 15 that is placed in communication with
the nozzles and connected to a levelling tank 18 prefer-
ably through a feed duct 19.

[0047] Inparticular, during operation of the printing unit
1, the ink in the levelling tank 18 is kept at a lower level
with respect to the nozzles of the printing head 3.
[0048] In this way, the nozzles are maintained at a
pressure slightly lower than the atmospheric pressure in
such a way as to prevent the ink from accidentally flowing
out of the nozzles.

[0049] The printing head 3 also comprises a discharge
outlet 16 connected to a collection tank 20 through a dis-
charge duct 21 and suited to allow the excess ink to flow
out during the filling and recirculation operations men-
tioned above and described in greater detail here below.
[0050] Preferably, both feed duct 19 and discharge
duct 21 are flexible, in order to follow the movement of
the printing head 3 with respect to the levelling tank 18
and to the collection tank 20 during printing operation.
[0051] A preferably motor-operated valve 22 is also
provided, which is arranged along the discharge duct 21
and is suited to open and close the discharge duct 21
during said filling and recirculation operations.

[0052] The printing unit 1 comprises also a compen-
sation device 2 suited to attenuate the pressure varia-
tions in the ink caused, for example, by the vibrations of
the ducts 19, 21 during operation of the printing unit 1.
[0053] AsshownindetailinFigure 3,the compensation
device 2 comprises a first compensation chamber 4 par-
tially filled with ink and provided with an outlet orifice 6,
belonging to the bottom 4a of the chamber itself, and with
an inlet orifice 5 opposite said bottom 4a.

[0054] In particular, the inlet orifice 5 communicates
with the levelling tank 18 through the feed duct 19 men-
tioned above, while the outlet orifice 6 is in communica-
tion with the feeding orifice 15 of the printing head 3.
[0055] The feed duct 19 extends inside the first com-
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pensation chamber 4 in such a way as to define a con-
veyance duct 14 provided with an open end 14a im-
mersed in the ink present therein.

[0056] The compensation device 2 comprises also a
second compensation chamber 7 that is provided with
an inlet orifice 8 belonging to the bottom 7a of the cham-
ber itself, and with an outlet orifice 9 opposite said bottom
7a.

[0057] In particular, the inlet orifice 8 of the second
compensation chamber 7 communicates with the dis-
charge outlet 16 of the printing head 3, while the outlet
orifice 9 of said second compensation chamber 7 com-
municates with the collection tank 20 through the dis-
charge duct 21 mentioned above.

[0058] It is specified since now that hereinafter, and if
not specified otherwise, the compensation device 2 will
be intended as arranged in an operating position in which
the compensation chambers 4 and 7 are arranged with
their respective bottoms 4a and 7a in lower position, as
shown in the figures.

[0059] The compensation device 2 comprises also
vent means 10 that allow the air contained in the com-
pensation chambers 4 and 7 to flow out while said cham-
bers are being filled with ink.

[0060] According to the invention, the vent means 10
comprise an intermediate chamber 13 communicating
with the first compensation chamber 4 through a first
opening 11, arranged in a lower position with respect to
the inlet orifice 5 of the first chamber 4 and in an upper
position with respect to the open end 14a of the convey-
ance duct 14.

[0061] The intermediate chamber 13 communicates
also with the second compensation chamber 7 through
a second opening 12 arranged in a lower position with
respect to said first opening 11.

[0062] Intermediate chamber 13 makes it possible to
avoid the need for using vent valves on each one of the
compensation chambers 4 and 7, which are required in
current systems (reference M in Fig. 1).

[0063] Thefilling of the printing unit 1 with ink is carried
out by generating over pressure in the levelling tank 18,
thus pushing the ink through the feed duct 19 towards
the first compensation chamber 4.

[0064] During this operation, the air present inside the
first compensation chamber 4 flows out through the outlet
orifice 9 of the second compensation chamber 7, passing
through the intermediate chamber 13 that places the two
compensation chambers 4 and 7 in communication with
each other.

[0065] When the level of ink in the first compensation
chamber 4 reaches the first opening 11, the ink starts
flowing towards the second compensation chamber 7
through the intermediate chamber 13.

[0066] In addition to the above, the additional increase
in the ink level in the first compensation chamber 4 caus-
es the obstruction of the first opening 11 and thus pre-
vents any further outflow of air from the first compensa-
tion chamber 4. Consequently, an air volume remains
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trapped in the first compensation chamber 4, said air vol-
ume corresponding to the volume of the portion of the
first compensation chamber 4 located above the first
opening 11 at a pressure corresponding to the overpres-
sure in the levelling tank 18.

[0067] When also the second compensation chamber
7 hasfilled with ink and the latter starts flowing out through
the corresponding outlet orifice 9 to reach the collection
tank 20, the motor-operated valve 22 is closed so as to
stabilize the system.

[0068] Successively, the levelling tank 18 is brought
back to atmospheric pressure conditions, allowing the air
contained in the first compensation chamber 4 to expand.
[0069] Said expansion causes the outflow of part of
the ink present in the chambers 4, 7 and 13 towards the
levelling tank 18 and the simultaneous decrease in the
ink level in the first compensation chamber 4 and in the
intermediate chamber 13 below the first opening 11. At
this point, the system is ready for printing.

[0070] It can be understood that in this condition the
compensation device 2 is able to attenuate the pressure
variations towards the printing head 3 in a way that is
analogous to the process that takes place in the com-
pensation devices of the known type.

[0071] In fact, any pressure variations in the feed duct
19 are attenuated by a temporary variation in the ink level
in the first compensation chamber 4. Analogously, tem-
porary pressure variations in the discharge duct 21 are
attenuated by a variation in the ink level in the interme-
diate chamber 13.

[0072] Inanycase, the air presentin the compensation
device 2 remains unchanged, as its outflow is prevented
by the presence of ink in the intermediate chamber 13,
which obstructs the second opening 12.

[0073] Itcanthusbeunderstoodthatthe compensation
device 2 described above makes it possible to carry out
the filling operations with no need for the operator to re-
lease the excess air from the first compensation chamber
4, as the air is free to flow out through the first opening
11 until this is obstructed by the ink.

[0074] Therefore, the invention achieves the object to
reduce the need for operator interventions during the fill-
ing of the printing unit 1.

[0075] Regarding the volumes of the three chambers
4, 7 and 13 defined in particular by the cross section of
the chambers and by the position of the first opening 11
and of the second opening 12, these are such that the
compensation device 2 as a whole can attenuate prede-
termined pressure variations which are those to be ex-
pected for the specific application for which the printing
unit 1 is intended. In particular, the air trapped in the first
compensation chamber 4 is such that, in conditions of
minimum pressure expected in this chamber, the ink level
remains above the open end 14a of the conveyance duct
14.

[0076] Analogously, the position of the second opening
12 is such that, in conditions of minimum pressure ex-
pected in the second compensation chamber 7, the air
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level in the intermediate chamber 13 does not lower be-
low the second opening 12.

[0077] Both said conditions avoid the outflow of air
through the feed duct 19 and the discharge duct 21 after
the first filling of the compensation device 2.

[0078] Preferably, a first circuit defined by the first
opening 11, by the intermediate chamber 13 and by the
second opening 12 is configured in such a way as to
generate an overall resistance to the outflow of ink ex-
ceeding the overall resistance generated by a second
circuit defined by the outlet orifice 6 of the first compen-
sation chamber 4, by the printing head 3 and by the inlet
orifice 8 of the second compensation chamber 7.
[0079] Due to the configuration just described above,
the outflow of the ink from the first compensation chamber
4 towards the second compensation chamber 7 during
the filling of the printing unit 1 is greater along the second
circuit, that is, through the printing head 3, and smaller
along the first circuit, that is, through the intermediate
chamber 13.

[0080] This advantageously slows down the outflow of
the ink coming from the intermediate chamber 13 towards
the second compensation chamber 7, preventing it from
hindering the air that flows out of the printing head 3 in
the opposite direction.

[0081] Preferably, the greater overall resistance re-
quired for the first circuit is obtained through setting
means 23 suited to define a predetermined passage sec-
tion in the first opening 11.

[0082] Preferably, said setting means 23 are adjusta-
ble, so that it is possible to adapt the compensation de-
vice 2 to different conditions of use, including, for exam-
ple, different geometric shapes of the feed and discharge
ducts and/or inks having different physical characteris-
tics.

[0083] Obviously, variant embodiments of the inven-
tion intended for specific uses may include non-adjusta-
ble setting means 23 that preferably comprise a precisely
defined first opening 11.

[0084] Regarding the second compensation chamber
7, the respective outlet orifice 9 communicates with the
inside of the second compensation chamber 7 preferably
through a hole 7c¢ belonging to the upper wall 7b of the
second compensation chamber 7 opposite the bottom
7a of the latter.

[0085] In other words, the discharge duct 21 does not
extend inside the second compensation chamber 7, as
is the case, instead, for the compensation devices con-
structed according to the known art.

[0086] Consequently, the air is free to flow out of the
top of the second compensation chamber 7, which in
normal conditions is full of ink.

[0087] To facilitating the outflow of air, the upper wall
7bis preferably concave towards the inside of the second
compensation chamber 7 and the hole 7c is arranged at
the top of the above mentioned concave upper wall.
[0088] Itis thus understood that filling the second com-
pensation chamber 7 with ink does not affect the opera-
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tion of the compensation device 2.

[0089] In fact, as explained above, the attenuation of
the pressure variations in the second compensation
chamber 7 is ensured by the intermediate chamber 13.
[0090] Another advantage of the preferred configura-
tion of second compensation chamber 7, as described
above, is that it prevents the accumulation of air therein
and therefore it may obviate the need to for air valves,
or at least reduce their importance for the proper opera-
tion of the system.

[0091] Therefore, advantageously, the need for oper-
ator interventions is further reduced compared to the
compensation devices of the known type.

[0092] In particular, the absence of air valves in the
two compensation chambers 4 and 7 allows a completely
automatic filling of the printing unit 1 to be performed.
[0093] Furthermore, the fact that the air can easily flow
out of the second compensation chamber 7 facilitates
also the removal of the air that accumulates inside the
printing head 3 during operation, as a consequence of
the situation described above.

[0094] Hence, accumulated air can be removed from
the printing head 3 through a recirculation operation that
is analogous to that used in the printing units of the known
type, i.e. by increasing the pressure in the levelling tank
18 in such a way as to force the ink from the first com-
pensation chamber 4 to the second compensation cham-
ber 7 through printing head 3, thus driving the air accu-
mulated in the printing head 3 towards the collection tank
20, from which the air can be vented.

[0095] However, as in the compensation device 2 of
the invention the air that passes from the printing head
3 towards the second compensation chamber 7 flows
freely out of the latter, no manual venting operation is
needed, differently from what happens with the compen-
sation devices of the known type.

[0096] Therefore, advantageously, the recirculation
operation can be completely automatic as well as the
filling operation.

[0097] Still advantageously, the possibility to avoid us-
ing air valves allows for simplification of the compensa-
tion device 2, as well as reduction of its maintenance
costs, compared to those belonging to the known art.
[0098] Moreover, asitis not necessary for the operator
to check the ink level in the two compensation chambers
4 and 7, the latter do not need to be provided with in-
spection windows of the type used in the known art, with
the advantage of avoiding the corresponding drawbacks.
[0099] According to an embodiment of the invention,
not shown in the drawings, the compensation device 2
may have a multiplicity of outlet orifices 6 in the first com-
pensation chamber 4 and of inlet orifice 8 in the second
compensation chamber 7.

[0100] Advantageously, the outlet orifices 6 and the
inlet orifices 8 allow connecting the compensation device
2 to several printing head 3 arranged in parallel to one
another, so as to being capable to feed them simultane-
ously.
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[0101] The above clearly shows thatthe compensation
device described above and the printing unit comprising
said device achieve all the objects of the invention. In
particular, the absence of air valves, made possible by
the presence of the intermediate chamber, substantially
limits operator interventions compared to the compensa-
tion devices of the known type, especially during the ink
refilling and recirculation operations.

[0102] Furthermore, the absence of air valves and in-
spection windows contributes to reducing maintenance
on the compensation device.

[0103] Moreover,the absence of air valves and moving
parts in the compensation device of the invention makes
it simpler than the compensation devices of the known
type from a constructional point of view.

Claims

1. Compensation device (2) configured to attenuate the
pressure variations in an ink in a printing head (3),
comprising:

- a first compensation chamber (4) configured
to contain said ink, provided with a bottom (4a),
an outlet orifice (6) extending through said bot-
tom (4a), and an inlet orifice (5) opposite said
bottom (4a);

- a second compensation chamber (7) config-
ured to contain said ink, provided with a bottom
(7a), an inlet orifice (8) extending through said
bottom (7a), and an outlet orifice (9) opposite
said bottom (7a);

-ventmeans (10) configured to allow the outflow
of the air contained in said compensation cham-
bers (4, 7);

characterized in that said vent means (10)
comprise:

- a first opening (11) in said first compensation
chamber (4);

- asecond opening (12) in said second compen-
sation chamber (7), operable to be in a lower
position with respect to said first opening (11)
when said compensation device (2) is arranged
in an operating position where each of said bot-
toms (4a, 7a) defines the lower wall of the cor-
responding compensation chamber (4, 7);

- an intermediate chamber (13) that places said
first opening (11) and said second opening (12)
in communication with each other.

2. Compensation device (2) according to claim 1, char-
acterized in that in said operating position said first
opening (11) is arranged in a lower position with re-
specttosaidinlet orifice (5) of said firstcompensation
chamber (4).

3. Compensationdevice (2) according to any of the pre-
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ceding claims, characterized in that said outlet or-
ifice (9) of said second compensation chamber (7)
is in communication with the inside of said second
compensation chamber (7) through a hole (7c) ex-
tending through the upper wall (7b) of said second
compensation chamber (7) opposite said bottom
(7a).

Compensation device (2) according to claim 3, char-
acterized in that said upper wall (7b) delimits a con-
cavity facing towards the inside of said second com-
pensation chamber (7), said hole (7c) being ar-
ranged in the highest point of said concavity when
said compensation device (2) is arranged in said op-
erating position.

Compensation device (2) according to any of the pre-
ceding claims, characterized in that said first com-
pensation chamber (4) contains a conveyance duct
(14) having one end in communication with said inlet
orifice (5) and the opposite end (14a) open below
said first opening (11).

Printing unit (1), comprising a printing head (3) pro-
vided with a plurality of nozzles arranged on a print-
ing surface (17), for the outflow of said ink, and fur-
ther provided with a feed orifice (15) and a discharge
orifice (16) communicating with said nozzles, char-
acterized in that said printing unit (1) comprises a
compensation device (2) according to any of the pre-
ceding claims, said outlet orifice (6) of said first com-
pensation chamber (4) being in communication with
said feed orifice (15) of said printing head (3), said
inlet orifice (8) of said second compensation cham-
ber (7) being in communication with said discharge
orifice (16) of said printing head (3).

Printing unit (1) according to claim 6, characterized
in that the circuit defined by said first opening (11),
by said second opening (12) and by said intermedi-
ate chamber (13) is configured in such a way as to
generate an overall resistance to the outflow of said
ink that exceeds the resistance generated by the cir-
cuit defined by said outlet orifice (6) of said first com-
pensation chamber (4), by said printing head (3) and
by said inlet orifice (8) of said second compensation
chamber (7).

Printing unit (1) according to claims 6 or 7, charac-
terized in that it comprises a levelling tank (18) con-
figured to contain said ink, communicating with said
inlet orifice (5) of said first compensation chamber
(4) through a feed duct (19).

Printing unit (1) according to claim 8, characterized
in that said levelling tank (18) is arranged in a lower
position with respect to said nozzles of said printing
head (3).
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10. Printing unit (1) according to any of claims 6 to 9,
characterized in that it comprises a collection tank
(20) configured to collect said ink, communicating
with said outlet orifice (9) of said second compensa-
tion chamber (7) through a discharge duct (21), and
a motorized valve (22) operable to open and close
said discharge duct (21).
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